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A. Angina Pectoris 
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The most frequently-cited evidence that carbon monoxide contained in 
cigarette smoke is harmful to the heart is the series of experiments conducted 
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•’y^tW&^Y Aronow et al*. . Since 1969, they have been studying patients with angina S';’ 

;i-.- V ';*66S^ ^ 

M^/6^ nPrtnris nn mammal traa rlrmi.ll avarrtea 1-14 patients inhaled Smnlte 9S...... 


pectoris on maximal treadmill exercise. 1 ” 1 ‘* 1 

‘V'•' •■ ■ ':T'rs:V -9;^V^v;, v ..,•, v * . ... 

from cigarettes of varying nicotine content, as well as carbon monoxide 


•.m/ .■" 

. ;J*?U 

- 

-jj., 

e'S-U ' 


'.S* s> 

• vv **• i,/ 


a monoxide ad - ' 

■■' 


ministered as a mixture from a compressed air tank or by exposing the patient 
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In recent review articles, ^5“22 ^ ronow has concluded that "nicotine and 
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carbon monoxide both aggravate angina pectoris and contribute to increased 
incidence of fatal and nonfatal myocardiaL infarction and sudden death from . ^ ' 

coronary heart disease in cigarette smokers. nl “ Aronow based his conclusion r -ZV>:;\ 


relating to myocardial infarction and sudden deaths on observations by selected 

i§§t^ .. ..• -. ■• ; .:; : v;- : ‘ 

- invp qH oratnrc lcrnnrina rnnflirtina result*! of nfViprc; A r^nt c? • 


*.•• / .•. .. *<-•. •’'<-••'* • > •*. ',•'•* '* . 
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carbon monoxide both aggravate angina 
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Exercise Performance. 


The basic test used by Aronow et al. measures the duration of time that 
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a subject can tolerate exercise on a treadmill. The endpoint of the procedure 
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■•Garfein and Dwyer and Lescoe. ... The last-mentioned cardiologist cited 
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'*^M?4‘ V v. the results of Aronow et al. indicates the following changes in exercise per- 
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! formance as a result of exposing anginal patients to carbon monoxide or .'. 
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(1°) breathing freeway air 

(10) 50 ppm carbon monoxide 8 
(10) marihuana cigarette^ 
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249 ± 82 

174 ± 87 
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224 db 43 

187 ± 36 
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244 ± 16 
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241 ± 51 

185 ± 43 
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'^^^^^ 5 'When the re suits of four publications appearing from 1972 to 1975 are examined 
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i^l^l^as a group, the most surprising feature is the consistency of mean control •'■ ■*-. 
.^^py^K^'bxercise time from 224 to 249 sec. The publications do not state whether the 
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--..Cih same ten patients were used from study to study. In any event, the smoking of .'• >vH.. 
. •- .•..•... . .. 

"high-ni.cotine cigarette caused a shortening of mean exercise time by 56 sec, 

- .- ■ .... 
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. which is slightly higher than the standard deviation (51) of the control values. § '.-x.V 
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■•■C'AvA;:: There is no confirmation that cigarette smoking reduced the exercise per- r™ 
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D X PP m ^natation but shortening of exercise -Wmm 
^^^®lP erf0rmance after inh 4 ati °ns of ido'ppm.' lt is'significant that Anderso^^^^®^ 

did not find a difference in resnon.qp tn rarlmn t^hmav;-_V _V’* 


al did_not find a difference in response to 


carbon monoxide exposure between 





'*■ « • - • ■•■-'■ "' .'; .' : ^-- ■;••••■ .’••-■• —... v — 1 ■ - - J * ^ ^ r- 

J* Ve USed the shortening of exercise time to provoke angina pectoris as a '"'SM 


#§*7:77 S1 § n that low levels of carbon monoxide are harmful to the anginal patient 
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• w 77;7--t7'f ee next paragraph). It might be argued that the earlier onset of pain may 
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; ; ^v7 : ,^'r. also be desirable because there is an earlier warning to the patient to stop 
v' :: 77 exertion. The stimulus that excites anginal pain has not been identified al~ 
.7 : . - •.;:*k ou 2k there is recent evidence to implicate coronary vasospasm (Kattus 27 ). 


Carbon monoxide and nicotine can be excluded as causative agents because these 


constituents of cigarette smoke do not constrict the coronaries* 

b* Carboxyhemoglobin levels of anginal patients* Another surprising 
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feature of the results of Aronow et al. is the uniform mean arterial blood 




^P^carboxyhemoglobin levels and low standard deviation from study to study: 
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COHb % saturation mean ± S. D. 
arterial blood venous blood 




.’•"(10) angina; 3 smokers, 7 
- ;-7 -r ; ! . nonsmokers 7 
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Vj-;7 '7 ? . (10) angina; all nonsmokers® 

7777'7.‘7 • (10) intermittent claudica- 

C -, . tion; 2 smokers, 8 
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0.83 ± 0.23 
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^Si<? he ^ bove results are lov ^ er . f*Y previously-reported series of smokers and 
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nonsmokers, both for mean values and for standard deviation (see Chapter 2) S$i£*** 

^ t J 1 ®,® erieS ° f 10 an S inal Patients reported by Anderson et al. , 26 (the carboxyS^gJ 
Hemoglobin values for 5 smokers and 5 nonsmokers) the ' , 


T 4»«»Vt . 


'*mm Standard devi ation was 0.6 whereas, a similar mixed group reported by Aronow ’SlS? 

. . '. ... •• ., ,-mmp 

al. had a standard deviation of 0.23. - 

'vh vV-'' 

yM^B : M0^ TheTe lS reason to suspect that the analysis of low levels of carboxyhemo- V.^hr 

^Ig^globin performed by Aronow et al. are inaccurate especially when the results of 

; r?fr .-SV:.. i; / 

|gyoronary sinus blood analysis are considered together with arterial blood in 8 
^^y^jeets before and after smoking each of three cigarettes or inhaling 150 ppm 
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arterial 
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mean ± S. D. 

mean ± S. D. 
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alter 1 cigarette 

3. 15 ± 0. 51 

2.81 ± 0. 50 
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to 
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after 2 cigarettes 

3. 76 ± 0. 49 

3.48 ± 0. 53 

-0.28 
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30 min after 2 cigarettes 

3.2 5 ± 0. 50 

3. 21 ± 0. 50 

+0.04 


c m. 

after 3 cigarettes 

4. 16 ± 0.48 

3.90 ±0.51 

+0. 26 
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e on 8 : ;. v -.■•l.'V., arte rial r- ^:- •; y venous -' :. ■ 

angina patients mean ± S. D. • v , mean ± S. Et~ ' ^Sea?^ 


05 ± 0. 32 


after 150 ppm CO 4. 21 ±0.36 


; 2. 04 ± 0. 35 : ^S®)rai^P 

'' ■ • • '■ V.v V- : 

. 3.86 ± 0.39 . 4> : ^40.35 ' : M 


above differences between arterial and coronary sinus blood were over 
Aronow et al . It seems that in the same group of patients, there is either' 
re ^ ease ( as much as 0. 28 vol %) or uptake (as much as 0. 35%). Since the heart ' 
is not known to produce or metabolize carbon monoxide, the differences reflect a^jpf 

?§k$i^ TTOT in * he analysis of as much as 0.23 + 0. 35%, i. e. 0.63% carboxyhemoglobinf^4 ; 

— vV ‘ ; ' • •;’ y-V'. /-■ ■■•;.. :y.'-^.- ••’• . . T -y zf ;-\. -yy • 

fltS® The error of analysis is as large as the standard deviation of the series- The T2®Sf" 
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carboxyhemoglobin levels reported by Aronow et al. have never been duplicated ‘ '-i 

;. .• 

Sv®^ by any other cardiologist in respect to the homogenous nature; of anginal .patients. 
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subjects .> .• >• • 

- ( 10 ) angina breathing 

freeway air^ . .. - 

y(10) angina breathing 50 
ppm CO 8 

. (8) angina breathing 150 

ppm co 11 

^ (10) healthy breathing 

. .. z~y^' z r %x::. 100 ppm CO 13 


mean + S. D. beats /min 


control 

after 
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72 ± 5 . 5 
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^^^* ;r: ffi a ^' rate effects of cigarette smoking. That nicotine caused’a^^^^^p 
h -! Srt “‘* *" fte cone,u “ on •» 

feS£ n f > he , heart rate res ponse to inhalation of cigarettcs’with'varyfig^^s^Pl 
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The Slight increase in heart rate is accompanied 

nSe in blood pressure but no increase in cardiac index. These ob-^l||||v 


^ -_if _ 


.^^setvattona. confirm the earlier results of Regan et al. 29 ' 31 p^ecost and 'WM 

|li- ® 1 ! i !^ , ® f0rd .. ; an<1 Suramers et al ” In patior.tav.ith coronary heart disease, • "' 

Sm0king Caused tachycardia, there is no accompanying increase in 


' h * : V' -; . cardiac output. 
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^^^^ ^ 0nafybl00d fI ° W and mvoca rdial metabolism. That cigarette stnok-'J 
® ° es 0fc reduce coronary blood flow was proven by Bargeron et al. 34 w ho 

^||£ 8 P pI ‘ ed the nitons oiide'technique and catheterisation of the coronary sinus. ''^SSS 
Cigarette smoking in 30 normal subjects caused a significant rise in coronary 
®l|y' bl00d . fl0W ' a decline in coronary vascular resistance and myocardial extraction ^ 
of glucose and oxygen. In 7 males with myocardial infarction, smoking still |f§lf 
caused an ^crease in blood pressure and heart rate. In 3 of the patients, 

COronary blood ! flow did not change, while in 3 others, it fell slightly. 2 ^ -31 
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Although there was a slight increase in oxygen consumption in 3 cases, the ^ 


5* 

■c? 


* <v '••• v '■’• * • ' / -•' *•''•**. ? 2 ' »••• *?• - • /•• . * . .. • ../‘V ••'■■ '• 

:*. V.v.y;-,;. ..• .v -V-/ v*: vv.r.'^-'x ■[:■’■ ■ V::- 

Source: https://www.industrydocuments.ucsf.edu/docs/xmmxOOOO 





'I. It i *t.iw -a -«^ii.4b^« ^ 



































































>j8Sfe : v5^ ap ‘*U. ?? ;■■■.-;'::;•-. : : / - ■ /: .; ■- : . -- 

re f e *- d 'lv^ after the patienth t 4smo ^“ , ;'^^B 



performed, and at its conclusion; 


The patient was, at once, asked to .smoke again, 


• ,'-f.U&b I 


rest ° f * b °«‘ « minutes, a second 
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taken * Electrocardiograms were per- T pl|S: 
in this manner *° as not to miss any of those rare patients in -whom 

:.;• v -- ' *:•>•’ * ‘ •: W-.: V :. . .; ’" % - - "• '• r-^vK'- ■• 

causes a recurrence of chest pain, recently induced by exercise, "PppJ;. 
and also patients in whom. lmmA^fafpTw affot. o~ ^ -■* _«. . .; : 
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}:iM0^ ' And also Patients in whom, immediately after smoking, pain and electrocardio- W ^' 
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'• '•«_:>t **. 1 . ' . 




graphic changes on exertion are more severe. 




• i SS;;.|P' : P— By this manner of investigation, only 3 patients showed electrocardio- SSM$- 

-. ■ ;/'_r 9 '• ^.•••'.. I. "’ .•:: ■ .. ~ * •'•' •*• • 

*\V " v graphic changes appearing after smoking and exercise. The incidence of chest : '"v« ;V 7. 


3Spw :v Pain precipitated by smokin S w as 6% (20 out of 309 cases); only 1% showed pPSP 
J||gfp electrocardiographic signs of myocardial ischemia during smoking. ’ 

^SPrV: -:;.; £i— EIect rocardiogram of non-anginal subjects. In healthy subjects the v ^ 

- ©x a minati°n of the electrocardiogram of smokers failed to show a sienifiranf '' 


•ISPV examination of the electrocardiogram of smokers failed to show a significant 

difference in frequency of the ischemic pattern in the electrocardiogram as com- 


'^p'T pared with that of nonsmokers. ~ In similar surveys by other investigators,’PK 


there were more smokers in the group that showed ischemic response in the 


‘ I electroc a r di og r a m during exercise. Doyle and Kingh 41 reported that 69% of O ^ 


V.t-- - / 

sheets giving an ischemic response were smokers, whereas, 37% of those • M ’2\ 

■ ■CV^ : ./ ••• w i'.f 


( with a normal electrocardiogram were smokers. Kattus et al. 42 obtained the l3 

- :;-v ^-.^y - ..-• y-M & 


:;tA ^ 
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-•'■•?■''■ '■ ' v ’ ' ■*•; V ■■ -' :; '> •■• W?. V€f : %* f; - v: 44• 

in S! e ^ e 4 ;K? and , 42 

jSfefc.£ 1 Sk ^ Ct ° r ^ 3no ^J^4, eXcduded ’ When the heart was stressed by hypoxia/^l^^p 

smokers and nonsmokers in the T-areaVectorT^^ 

! h " ; eleCt r J di ° S ra t ^S R lf° r ^ eX S v OWed a . Tight axis deviation 1 ’^111^^ 
; SC)me - Smok ® rs * 44 The polarcardiogram, which graphs the polar coordinates " :' 

: y?f the ^ eart vectors vs * time, indicates a difference between smokers and ' 

~ s &0b$&-- nonsm °kers, ^5 The complexity of the technique prevents its widespread i. >y 4> > y ‘ 

application to determine the significance of the difference. SW- ' : , ,Vs 

■&£&■:-:■■•:: 3. Coronary Arteriography. • ‘ .. '. ';. :,;„/4;y : 4; ;./;;/■ ^ v444’44‘:./''''" ;. ••;;4;V ' * '' 


.,;; ,...., .'V; 


VM'... -■ 


,' 4 4 

\4T 4 


The effect on the coronary arteries of the smoking of cigarettes has been 


/investigated in many by arteriography. Likoff etal . 46 tested the smoking of 2 


eac ^' of 10 Patients with coronary heart disease. No effect on the 


m-'h 


^ 4 '; si ze of the vessels was observed by cineradiography. 

^ sults . of coronary arteriography in patients with angina pectoris • . .. ^-^, 

-> *.. ^ ^ ^^ ^ ^ # .»• _ # ^ ( * »« «^ '•’/ w > 

... .-. * • •* 




tionship consistent with the amount of cigarette smoking. ’•'• 
v“v^' ■*. •••*••;. .• 6 * • 

imi nn/1 QH il. __•_ * • *■ . _ ’ - • ’ . "'fT < 


m^^ eWt ° n —- aR ** 7 examined 80 patients with angina pectoris and made the fol low- 


0qS }&:> n g observations: 

'~x d'. ' . ' * ‘ 


. 2 " ;.’ • b. • 


■vyv.^//' 


VA.:v,^ r / 
w'Jr'^V 4«jt. 


-4 43 normal arteriograms: 29 subjects were smokers.* 

46 abnormal arteriograms: 40 subjects were smokers. 






*'-V'. ^;.4‘ 
!&:• \ 


• ::^i«v 

4 *.- 


//f^& ;They concluded that smoking was not related to the anatomical findings at 


o -4;^.*^ 

01' 
w 
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:- .: ^c;v<£ <•£*:; 

\ : ^.'coronary arteriography." 

;v :,y;---'h •'-"- ; hh-.' :•. 'h; 

B a nks et al. ^ - e xa mi no d^ 107^ pa H e nt s wi th ischemic heart disease (66%)’^ ^^^^ ; 

nonis cViemr r "heart rv 4 ft C f rt ^ fVl a T •* f-f rv»« Itp* fT-i A t« Inn n A Irv »L '' 



^ ~ r _• * 1 _t : j. ''._’ . -» a 



^^> ’- The arteriogram was scored according to the degree of obstruction of all three 

: ? fp^l^.r-v : -t vT7 - ■•*:• .-, .-y-■•■•.-■■-• .. - - 

coronary arteries. There was no correlation between the number of cigarettes 

•• . •-•• •■’■■.- •.-. • : • • •••;-. • • • ..;=:. ■ \i:Xr£f^0 

smoked and the extent of disease in any of the arteries. Even the total coronary ’^3^ 

J^^Tfyharterial score did not bear any significant relation to the tobacco consumption, 

:.-• ^ • v-h:v- .*• .; ■ .. • ' .::■■■■.■••-■ • /■ '•* .‘ :.'. ’’ ''.*r~T r i- 


' i :‘^'-- y ~T-\- ■■ \\ 


,.^g*yv.;•■; There is, therefore, no indication by arteriography that cigarette smoking pro-‘^l£M' 

’ "^‘wfc‘ t ’V ■'’:' ..». -.- : :V>'-' "■• ■' ■'/■• •‘' - '■' o'.-V. •_ .v .•■•••.. • .f. * * • 

. y s,< **’•': .* •■»•«■.•..« ...... • •_,•.... . ., ' *• ••• ,.\ - • j\ '. ? ** a^- 4 :- i 

duces obstructive lesions in patients with heart disease, nor does smoking exert ' 

; Vj'; :J . any coronary vasospasm. " ■■. ■ : 

■ 4. Does Carbon Monoxide Provoke Angina Pectoris? '••. '•.".;.•• v;'.^t.'’'; r '.'!'.---£~A- 

: ..' . ; . ' ! ’— - 

y-^ilA review of the literature indicates that there is no definitive evidence 

mm ^ ^ ^ ■ ^..,.;,i,^i?i 

support the contention that the carbon monoxide present in cigarette smoke v ' - 0-. : ^- 
iv ' ; P ro vokes angina pectoris m patients suffering from this disease. The widely- 

• *?5^;4n 5 '' ' .V; ““.»■.'' i-'.'.v/l- . -*.;.. ♦,.•.■*' * . '• ■ i».*- 

:,•; ., •• : . ; v.W 

V;.quoted studies of Aronow and his collaborators show a reduction in-exercise .;’• T 

'• ’■• ■*•■•'•“•'' ••• ■'•'« A %v* K '- - “-.. * : 5 .-- ■•■ •• ■ •••• ~.N,.;i: 

performance when anginal patients either smoke cigarettes or inhale atmos- '*3 .. 'f; 

H^-j>-v,;-'phere containing carbon monoxide. The uniformity of the results derived from' : T?f- 
groups of 8 or 10 patients questions the validity of the techniques used and suggests 
the uniqueness of the patients used for the study. In a survey of 309 patients with ^ 
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' ' * : ~T '* 


:hree patients showed a 


^^te^-S 0n0 ^ de -^ ere haVe been no P ros P ec tive studies showing tha?£nginal^fA? 

>6 nt S who 6XDS nGJlff* 3 rprln^fi An t m ~ _: _ <• _ - _ ■ . 


experience a reduction in exercise performance die sooner from 

iCid^tvL'liaSdSStjil .'TV^ trr*\-*n ■*• i-7 £ —. 1 * n £ a _ __ . _ - ‘ 1 -"' ' . -■. . 


patients whose exercise performance improves."^ 
y relating to patients who develop myocardial '^^ff| 


• eviaence to the ci 

1^C^i' infarction (see section B). 


i uxai 


•-*:.?.^c" 


■r^&m 


healthy adults, tolerance to vigorous exercise to the point of exhaustion 

• r*i :r ‘ .. V-tV'-i Yv . .- 

^•L^w-v-iV; is SOmetime«;. r a rl i t r p rl in smnlrprc r»A rv\ no v» i-k <-7 t-is «* a « « M ^ T 4 9-53 _ 


sometimes reduced in smokers compared to nonsmokers. These reports 


if ^|f ^ re based on a limited number (10 to 20) of subjects. In larger prospective studies^ 

'vi+t‘Gin 1 * __J _T_ • J ■ JI j_ T ..« - _. ” - • 


-•j-'r. ■>< i • y* ;y», v 


among 16, 882 office workers. Cyntelberg showed that smokers had sienifi- 

*7^ ‘ : < r-*" - •*~j "''7 * *■•.-. r * V i .* & 

•’■■ "•■:••• »••■.-■ : ••:•.'■•'•-■ . ;■ • **' Z' ,, :’j 

^®|:v^^:v antly hi s her physical fitness than nonsmokers in a group of 5,249 middle-aged 

-- - ’ • ' : '* : ' ■ • • . c C ■> 

' •■■*•. cVi »vn 1 o v»Vo HO *-*-? T« -» rr WA >-. ^ TO A • i /• * . - * >v ■■'■- 


/ • Danish male workers. 5 In a group of 78 American male faculty members, ’ 

-:rT .• '■•• :■ ■■•. '. : . ,•' ■■..-■■■.• • . 


Coleman et at. reported no difference in the aerobic capacity scores 

physical work capacity between smokers and nonsmokers. 30 These- C/I %-f5 


observations indicate that measurements of tolerance, to vigorpus t ex- ®' kYU'' 

^ : 4 ‘'. W 

v' excise on a treadmill or a bicycle er gometer to the point - CD-^rtf^- 
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^^^^'v'ChaDter 3 Paro 1^ ; " : "A: : . " 0P^~: \ ■ ." 


., - .V. >.-’•; ;, V v? ; - .>:v ; 'uV 

'^•v tut 

• ! r-•■'■■■■ ,■■•;• •;■•'. :; • 

and to'occupational per-% 
evaluation 


•■>- ■• .’ ' •• ’ '*» “^' 4 " "" ■ 

^^s.°r 5 treadmill which is a more vigorous form of 

l&Sexercise than kriv"activitv r>aH p nt * a *!*<=> nr^inariltr ovnAea^ f r\ {.w M ._ t • • „ 


sed to in their daily* living.*’ 







- “ 

2lssZ?*-, 

■' • • •v^-safe?: 




“y° ca 5 diaI infarction is almost entirely epidemiologic 

nflttITP . Tt Vo C Kflon e.irrrra c^a J tl. n 4 . i.1. ___ 1 __ . • -> . _ '-■*•' .i 


'A.*-*;.?'*:.;.. ‘ . ... ... y'»..• .-v * • ' . ‘- .. :. r • . ■ • • ■..:• ■ - .. • •. )•'• .; . -y-c- 

.^vV among cigarette smokers. An examination of relevant publications does not * ;'S^ 
^Vv , . support this contention. 




■’•' k. v~* ’ 


1. Association Between Atherosclerotic Disease and 


: 7 " 

The cross-sectional study of Wald et al. 57 on 1, 085 volunteers who worked 

: for SPVPnl fi rm« rn rir>npnlianfon «? <? nr„^n.. j _ . .■* « .. . 




Carbon Monoxide Exposure 


' • v‘ • 

« v-« * a5K • 




57 


... . v»'i>-*-WLV;' - 




for several 


...^ ... . _ ... .. VP‘??pi 

ral firms iu Copenhagen is usually cited to support the hypothesis 


v*r,- 


that ^ levation , of carboxyhemoglobin levels in tobacco smokers is associated 


; With a high iRcidence of atherosclerotic disease. It should be stated at the out- 
Si-• : S6t that the epidemiologic study consisted entirely of Danish smokers and there 






were no nonsmokers for comparison. There was actually no relationship be- ' O ^ 


tween the smoking history and the incidence of ischemic heart disease. How- 


•***??.£» 


,© 


ever, the carboxyhemoglobin levels in smokers were found to provide a better "'Till m 

»s; : ,' ■. : 


) .' 
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, 61 

r:■:.: -rr" ; ■ v .i7-'77a^a &mm<: 

sk of developing atherosclerotic diseases. 

0 > c^^esi^s^n be ^iterpreted to signify that sources of carboii 

'■'■ OH O X^lde . Othft rtb^TI r*lCTa nVo rolafo f r% f V> o AZ*+a~***+^ 


method of evaluating exposure 




’■ . * ' • • '•' ! L V ' - V.' i‘7 

the smoking 


" lllf pfefesmoters by combining carboxyhemoglobin measurement, 

'afef.sM 8 . tor y and the carbon monoxide yield produced by each cigarette. The 

'• '•• •''. V:* ^, •*’" • -.-* r '* • . • ' . , ■ ■• • •. .-;-.y\v , 

^^'Xj 7 -v.i n di-ces of tobacco smoke absorption are based on the premise that there is 
l|fe:'a build up of carboxyhemoglobin during the day in cigarette smokers. 59 How- 3v^||||' 
e ver * this method proposed by Wald et al . ^ is in question because Castleden 


'■'■ k 0 ••_-- 7 -• ^ ' ■ . --A- -- - 

an< *. Cole failed to show an increase in carboxyhemoglobin level during the day. 

k s - ••: ; -•' ,y. v ' ^ ■ -.'••• / » . 

"^3^0, In a recent review of the literature, Wald and Howard 61 reiterated their earlier ^ 

: W*&0 ^ ••"' ■ . . 

r-Z. _1_;__j. _ _ __-i_ __1. - . _ ____ . -j. ■ 


COnclusion that carboxyhemoglobin level is correlated with the prevalence of 


” ' • V VL\ , 


~^iN^ arterial disease* independently of the amount smoked. 

Ipfeii• * \., ; ., 

''■?'■ ' 1 ' v ‘ ' -'v . '■•■■ .. . _ , ' „ _.. ■. '_ . _ ._.. - .. . , T .. =.££%,• ' 7 -. 

all the publications by Wald, there is no mention of a 1973-article by &x0£m& 


et al. 


• - .V * '- 




a community study of cardiorespiratory disease 


fv^^C'^In Great Britain, in a group of 783 adults which included smokers and non- 

smokers. Although the level of carbon monoxide in the expired air correlated 

■ >****t*.Hyi~*’'=- r ^ “ 


'iiv/Jr 


•; ifsjtj. ;. N % - *, 




•T*^r> w \ : v '•“• ^ * 

with the amount of cigarettes smoked, there was no correlation between carbon 


'C‘ '.-.. l ' v- : . ••"- 

monoxide level and the symptoms of ischemic heart disease. This study i 


IS 


an important one because it is the only one published that examines carbon 


C/1 
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monoxide exposure and incidence of heart disease in smokers and nonsmokers 


RP -II 


-*'il , v" - r >-T^ 
' ^ 2 -.*•' •#-«* 7 


Haywood et al> u * t to design a study at the Los Angeles County Medical Center. 

I 11 34 infarction patients and 35 control patients, there was no difference in 
‘E carboxyhemoglobin level although there was a higher percentage of smokers 

^ V.v;:=;y .:,.;. : , - -•••.< --r-A^d^m 1 

'5; r V ';' in the infarction group. vM : 7- :: v .; • ■ - •■ -■ ■'•■ 

;.. - • Kuller et ah ^5, ^6 concluded a study of the relationship between carbon 

^ % ^ • '••. ■ • — ••••• .•,. * • y-.r-v-' ;; ,*••'. . . .y • • 

it " ’ monoxide exposure and heart attacks in the city of Baltimore. Unlike the 


2. Association Between Carboxyhemoglobin Levels arid Myocardial Infarction 


•*’-'- ;: ;V.-V-i ,: :.•:■•■ '*•.••■. / o * - -• ..-•7:* 

In the Los Angeles area^ Cohen et al, ° J studied the case fatality rates for 
patients admitted to hospitals with myocardial infarction. The results indicate 

; ^^^'v::?’ "a;.-:■•■■■■■ ;.'TiVr£^. - - ^ 

that there is an increased fatality rise in high pollution areas during periods l|g8!§y 

of relatively increased carbon monoxide pollution. These observations prompted 

AA •'•'•-• V, Vt; VV.V- . ■ .-■ ■••• ’'■••; .- •••• • - : -y\ : &*?!$&& 


SrZr'&fS* 


-.resuits in Los Angeles, there was no correlation between the number of cases 
l^iPfM-P er day and the ambient carbon monoxide levels. Postmortem carboxyhemo- 




ry-iTW;.-**v 


.. • i v-*«er- ••' • • •; '• 

“ ■•-•■.•• .s'*: '-.*>• • 


' globin levels were slightly higher in arteriosclerotic heart disease deaths than 

in sudden deaths due to other causes, the higher levels appearing in smokers. “V. 




The above observations indicate that the incidence of myocardial infarction 

t¥* x £%j}:J iS?. V >' •v-:-./. 4 - v *•••• .;_ • . ... :. 

:•/:• ‘ : 7v.v/7' •:•'' •'•-•••:••• .1.*:.»- : fv • • ... ' * "' '••" ' •• ■■' ■ 

: is not correlated with carbon monoxide exposure. That there are more smokers 


among fatalities does not mean that smoking is the cause. An examination of 


Wt ■*■:-• • • 


^ re suit s of retrospective and prospective studies does not support a cause and f/l 
..^.V; effect relationship between smoking and myocardial infarction. 
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•jMppvgrcuiP of 119 men and 32 women who died of myocardial infarction. 'The 

age , at the time Jof infarction was 57. 9 for smokers, ~62.1 for'exsmokefs^SS 

J £ n -> *_ . _ ’ .' 


■'^$^1'\ and 69.2 for 


... . - . • ■- . • • • v/. r v . • • 

- — ^ onsmokers V Spain et al. have discussed two explanations for 

r p> 4-V. ^ ^ M ^ .1__ _ t v '>lTv,v*» 


occurrence of sudden death among smokers at a younger age than among 
'■JB^-v nonsmokers * They discounted alteration in coagulability of the blood by smoking'*’^ 


on the basis that the incidence of recent coronary arterial thrombi was not 
:$$%;■*;correlated with smoking habits. They favor the explanation that smokers as a v . J 
. • S Toxl P are » in many respects, different types of individuals from nonsmokers* ~ 




is supported in their study by the fact that the average age at which those 
•^^^ smoked heavily were involved in and died on account of accidents, suicide : '^ i ' 


"^g^because of similar events. •\';*,- r,, -\ 

l v:C Survival time* Spain 0 ? and Spaii 




..„._-—— _ and Spain and Bradess examined 88 autopsy cases 

. • •• ■•.'•-■■-.' . . ■■ • ~. •• ■■',•• ■•■-... 

sudden death following acute infarction. Their results were as follows: 

... V.;* .-4 v 4 .- : '•« :.~V • ••-, . '•'..••■•• .... * 

... '. : ; r 

r /\:;.?;•• >;... :;v ..■ ; •. :^;v. ; 




c; —*1":''. \ V- v 

•»-* v'-V'C 4 .".-- 3‘ • -• • • ' 


• v -: 

num ^ er autopsy cases 


1005105302 


(Survival 

rate) 


^;:; : V ; :.. 18 nonsmoker s: 12 survived < 1 hour and 6 survived > 8 hours (33. 3%) 

Cim^ 0 ' SmOkerS . (<1 PaCk): 22 survived41 hour and 8 survived > 8 hours (26.6%) ' i 

smokers (>1 pack): 38 survived^l hour and ?. enr,M.,»jA o t __ /<- 
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■ bvirvival time jwas decreased in the heavier smokers. The.association was y§M 

sle S S evident within the ril fioi *'ria Im.^ ~Tr^t.~ _3 „ „„_ _A_n.r__-i " _ ,1 


ra s Chavero et al. 7 ^ 7,2 , .reported 106 men who had myocardial 


episode was as follows: . ^ 


;^; = - 


14 nonsmokers: 


,;'• "• -••^f v.' .■ 

: •- ’> ... ^■'■' >-‘ 


10 smokers (<1 pack): 
.y 68 smokers (> 1 pack): 


:;.. 2 deaths (14. 0%) 
:-f:i death (5. 5%) 

V. 11 deaths (16.2%) 


"V 




. ; Smokers consuming less than one pack daily have a lower incidence of sudden 


death than non smokers. 


V*V’ K V *VV*£ 


b. Prospective studies of patients with myocardial infarction . Although 


there are more cigarette smokers in patients who suffer myocardial infarction 


r ^ V; 


^g^^than in control groups, there is no evidence that the smokers have a more 


severe form of the disease. An examination of prospective studies of patients r ***3£& 

vwho have suffered from myocardial infarction question a cause and effect rela- ^S ® 

■"t'-fe ■'*■■ \ ,» V ""• " ;:. '... .. ■••_, -.••-*.■• 

ti on ship between smoking and coronary arterial disease. ' " ;V -• 


•.Patients who survive the first 24 hours after acute myocardial infarction " 


have been examined to determine whether cigarette smoking influenced their 
^prognosis. The conclusion has been uniformly negative. Cole et al . 73 examin- 
i*u. v>^ 285 patients. Statistics of smoking habits were obtained for nonsmokers 


. rij and smokers respectively, as follows: 


■. • • ; 

* * ’ ' J ■' {r • 
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f;fe j°'" *■ fX-'M fystw- ; 



______. ... ^:mmm 

rl7 norismokers.—;^i|s^ri29. 4%i died within 2 months 29. 4% lived over 10 yrs 
5 31 smokers ( < 1 pack) ^9.6% died within 2 months ; y :: 41. 9% lived over 10 v 

>1 1 ^1-\ v J * . J_•*_■!•■ <■%, __ j1 _ '■••.''* #*'-p* rsrrf t ' 


|The 



•smokers 


^myocardial infarction, smokers,are more apt to live longer than-npnsmokers. 

duration of survival of patients following an acute myocardial infarction^ 

" W ■'•■■ ..... ..... ' 1 '•'.’.. ••►•<• ’ ‘ ’’ iLw^-Ur 


w 


iS ffigjj ^.fchas been examined by other groups. The Coronary Drug Project Research 
■-v- r ; : .' • ;.•'n-:.. 

.Group^^ studied a total of 2, 181 men. There was no association between smokin^^^. 

■ ‘and prognosis. De Soldati et al . ^ examined 66 cases of acute myocardial in- 

. ^ ■-. . •' -fv •* r$ x 'r * 

• • - •:,, 

.-•- ..- '. '• >-• •:;.--r...-, .• . . ...a-^5! ■ 


■ > 

:: «? 


farction and noted the following mean duration of survival 


>V;/ 

. S* V > -” *■ •.- 


17 nonsmokers 

.smokers (<_1 pack) 
49> 


44. 5 months 
99. 6 months 


V J <■' 

'iVvPpf^r- 

-~ : r t *■ *'■ ' •'•. 

- ’’'K Sisk '■'■•■"• 

(• ■"■— • w. M* f 


■\ •.»* »^r-; .V^,, .. 


rs (>1 pack) 56.7 months 

r :/ - r ; : *v "V * : •;• .. ••..•.../.*•• :: ; 

The differences between groups were statistically significant. It can be noted 
that the duration of survival of i. 1 smokers is longer than that of non- v. . 

smokers. i..-. .... 

' :. ■•; - -, ■ : ■■■:: 

^ - ' '' ' ■” •"•■ • ••• ■-: >;Vr A r 

The electrocardiograms of 175 men who survived a year without recurrence '•'•Cf’ 

- • • ' • _ : * • ... 


after a first myocardial infarct were examined for periods ranging from 1 to 4 ’ 

••' •. . .... ^r.‘ -V 

Xtt£i*r- . • «/ Y;‘V v '•V.. . 

-years. '° In the absence of recurrence, 10. 9% at the end of 1 year and 20. 0% 

■ •.%-f^.vi'ir.-.. v •••• .. . * * ••. f . ; 't* : 

*:• >:--r - ^ - 4 ' •'•- * .. - • • • • _ ••' '••••.,. . .r,;J0V 

at the end of 4 years had a normal electrocardiogram. There was no relation - • 




1oosinnaha 
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0f smokin S after infarctiong^^^^ 
..fesSH 1 ® e .^®5|^S^ ^.4f 9S ^am re fie ct s the severity of infarction and this, in '^*§^1 
^.turn, influences the prognosis. Rovston' ‘ examined at. aniinnsv tlie e«v»i>tfv ^ 



(light) 

'/'*■' 68 smokers (moderate): . 162% >'-•/•, II 35% 

• _.^.v „ ;,*■• r : .*■-.. ... . 

•'•/■': '33 smokers (heavy): "';.. 161% 1139% 


m 4% 


in 5% 



■ v'V. 

in 3% 


m 0% 





^ \>£7 ’ ? ' ' ' 


•V •; 


V v»v^'v>--v %'.• ..''•••■ *w- s ^ ’ •*yf-5V. •• -* ■- ••’*•-•• "' • * ' ...... -•*•".. -•. ■ ■■■' •,'••■.. . ■'*' 

severity of the infarct did not appear to be affected by the smoking habits. 

•. In . a stud y of 400 patients with myocardial infarction, Helmers 78 found no - 

-significant difference between the percentage of smokers and nonsmokers amone 
_^g|^survivors studied the first 23 hours, from 2 days until discharge, and from 

'•*- A *“ . .. ~ ; v ,/?i-r. 

an4 T “*°» r » i * 79 ln a five-year prospective "J&fii 

- ... : . . • ■ . - : TV - 

, WSre als ° unable to find an 7 relationship between coronary * 

vv^|; ; :-;'heart disease mortality rates and smoking habits prior to or after infarction. ^ 

^ .*" r'•;;■*■’; y. ; . - -^rv;^:V ;T : "■' •' v •• .*•••. .. .. ,. ... * 

■'41A', 3. What is the Significance of Carboxyhemoglobin Levels in Patient s with -..a.-: 

. 'isi-fZ: _IjTTi r__ ^^ o -- ' ~ 


cardial Infarction? 


Myo- 


S',- 




A review of the literature on myocardial infarction indicates that the carboxyl ' 
' : hemoglobin levels in patients with myocardial infarction is an incidental finding. ’ 

^ “/ Some epidemiologic studies indicate a correlation between incidence of myo- 
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responsible for the acq 

~~~ -^v ^cuiaposes mem ^ ^|p£| 

.£•-'.' ' * ■ ■; '•'■". •• fy. : >-.>;/•-•• ..• • • - . - . .:/..*,/•:*. • •_•."••• -:' 

V -in 5>\ir a non ^ « rr-.- J s . - . 


estabUshed^^ 


Sweden and has afforded an opportunity to examine the role of a genetic -.-•» 

■* _4._•_. '"' .-. - ,).• ’•••• ■-•- * • • • -- • - .., 


s-amm 


IS^^^°^|^^iP'^^^ ,, « and . t0diSea * e '- A comparison 
"tfeRl.: etwee ^ tlle smoking habits of 59 pairs of adult monozygotic twins and 59 pairs 

^ffe°l a ^ Ult ; diz y gotic ,twins showed a significantly-greater concordance; within ' 

the ^monozygotic pairs. 81 These results indicate the importance of the eeno- ''' ^S 

;~i -■; V; :• / \ ^ • ; ,/.. ^ 

•; : '*?^fe';tyP e * n regard to acquisition of the. smoking habit. '&**■'■ : S 

■■ ■ 'T’V, rt 1 _ a-l ^v_. 


■|^^;dra»Jeflnitive conclusions regarding heredity and the disease. In a larger’'' AS©®: 

-.•■*''■ •-'. - ■ .'..' ...*...• . . ... ... .; . ........ . . . •... 

168 twin P air s, the studies of a population of first-born twins' 
^f^ reveaJecl an incre ased incidence of angina among male smokers in urbanised 


areas that was 1. 50 limes that of smokers in rural districts. No difference ‘"%!M 

, ■ ■' : *■ v'- K . ,. . .. ■ ”. ’ V?* 

between areas was found with respect to nonsmokers; therefore, the combination ^W; 

' . ^ • '"'*• ••••"> " • . » . *• . ’ ' 1 " }i 7 -v 

Slfe° f Sm0kin§ and the urban factor seems to b e associated with the symptom of 


Since there was no difference in incidence of angina in smoking discordant- 

; "- *■ ' fwn n -no i t»c 4 4- « 0 umIIUaI.. tt.. i 1 . 1 ^ __» * _ __ i i . » * . 0*5 r»r- _ ^ 


v- twin pairs, it is unlikely that there is a causal relationship. 83-85 There was a 
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jr^L.>»» A J ^ ^_ _: il_n_jf i j’ • j >« i -t . « . _ “ * 4^^4»%W6l4r^M* T i 


V'.:'!*^' : ••>>-'‘T 'J>.*Vt h ./Vv>.'.: •_• v*:... -cV' ^ • 

monozygotic twins. The authors suggest that these results support the theory 

~ V*’*’**'*'J '~ ^' : ' " • ■' ~' r " ‘'^-■’ f ".:.• v- ' r' ’. g Q •'•'••'• • • 

^originally proposed by Fisher that predisposition to smoking and to coronary 

tm :-■■ ■ ■ "•• ■ ■-/-. ■.^-■^smm: 

heart disease may be caused by a common genotype. 

«v-^: ; '' v -■** ■''^ •'^-*‘'•/»'• V*V-/,-■• ^-*^-.*' r '■ ^ -.*. ’• •••••' •_ • ■ -' 

i * r* Vi^,^* * '••; V. ** ' t r * v. *•'• • '/* **'‘ l »■- ,. ":? *'.• .•#* -• M * 

■ C. Cardiac Effects o£ Carbon Monoxide, Nicotine 

f '• /’:" •' . •■. V : ..’ ’ ~and Cigarette Smoke 


^ -• •*' T- ■*' WV. : - . .V 

'•*' ■•■• • ■ ::■ ■ .: t*;v • :• ? 


W ' 




„ ‘ - »' : ' ,, J .' ,-, .' ' . '. '*V ,-My.* ;.v.i(*,.j . . 

'. •' . / v • '•> ' .V 4 *.. ’. • . 

• * . .: ••'•> \ /^VyTi ; < 

. r» ’ •■• - 

- . •* •. .. „ * • ..s.- . v-/v 

• ■• . ’ •'■' >N .. :’•..%»*•* .■5i‘'^f : c , f.'v*'*- 


Thus far, this chapter has been devoted entirely to the investigation of ' ' -'''.i.-'p*-’. 
■#^^^ the effects of carbon monoxide and cigarette smoke in patients with angina 

•••' J ' ' * ,* * yr-‘ ' *;•• - a - * - . * .> 

’^^^•pectarxs or myocardial infarction. The supposition that carbon monoxide con-' 

|g§j||j;■ ■' : ...J^p. 

•^^^‘■.tained in cigarette smoke provokes an anginal attack and causes acute myo- ' 

''-ri-;"-* ■.••:•"■■ • • '■■'•■•■' '’ r • '■ '•■ 

cardial infarction is based not only on the material already covered (A and B) »:w-v‘ 

..■ .■' ■. • ■ -•Vj., 


4‘^ftpf■ but on additional misconceptions derived from interpretation of results from 


human and animal experimentation. The effects of carbon monoxide are 

.•* > ‘ t '. ”, 

equated with those of cigarette smoke, although the latter also contains nicotine. '" ' 


I*, 1 ? jU'il" 




This section reviews the pharmacologic actions of carbon monoxide separately 




.- . ...•*. 

' ' • . , , “t ♦ ^ -***' * ; 

* •: ■ “»- \+ '• .T ,-T • > A V 

- ■.■.>’ • >■• •••. I'*’-"’ . 

' 1005105307;S|^® 
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^ do § s > the threshold saturations that produce cardiac changes were deter-^^^fl-; 

'** • .\®tV ' “ * • •’•- •*.- ' ’ - - ••;•• .. i - _ ^ -‘■ft*" •- 


' 4 ^W^ : - r ‘ 7 . . K u ....... 

mined by Ehrich et al. ° There was depression 

^ ■ "■ - ■.••-■fiV-.- -■•-:■ •< 

8 ene rative changes appeared at 40% carboxyhemoglobin lasting for a few hours. 

- ''j-'",*]? '‘•*' 1 ^..;.. ■ '.^'y.. ' , .^“^.*v'''. . '" ■ -r..!;.-, • • ■. '•-.•,,••«...•. 

'7 -'y" Heart block and myocardial hemorrhages and necroses were observed only when 
■'' .f-”V-.-V;■ 3r“i‘■r.'* H .';;7-''■■■ r"v..'.' .• ~ . ■■■• •''•/; 

•77" the carboxyhemoglobin level exceeded 75% for one hour or longer. In rats poisoned 

• *^£^with 10. 000 ppm carbon monoxide inhalation for 10 min, high enough to elevate 
■ carboxyhemoglobin to 65%, ultrastructural changes in the heart, consisting of 

;^Sw^S^'intracellular edema, swelling of miforlinnflri^ an>4 /*; e «# _ ' 




of the R-T segment and de- ,’?0. 




heart result not only from hypoxemia but also from the direct toxic effects on 

. y?*i Y'-xi-;-;V7 l - •*.'•. - . •^•7*.'.'L.I 1 '’*-:.. ' ■'' . ' . 

^^^the specific respiratory enzymes. In 24 hours after the inhalation, the hearts ; ' 

of most rats appeared essentially normal so that the toxic effect was reversible.' 

r '-r-{v •: 7. •: 7 V‘•’V'^rr'r’*1 ; - * ■ • •. 

\ • , -r, ' ’ . • .... 7'* 

• There has been no report of cardiac arrhythmia in cases of carbon '' 

; monoxide poisoning with carboxyhemoglobin less than 20, 000 ppm. In anesthetized 


dogs, Kaul et al. 90 failed to note any electrocardiographic changes at 20 to 35%, 




• H’*;■;/**,*»'‘’V*” % 
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• j&ijsfiii■; u y \\•’_' .->7 t-v>;<.'.,■4 v .-v ;-.l,--*- 


>/-• - • •,_, ,,fr. •.-.. .•. 


-4vSf^ 


hydpcarbon^-|jgr^^i^^r^^hr|ia'or to digitalis-induced fibrillation^|^^^^fe 
Levels below 20% carboxyhemoglobin in the anesthetized dog caused a 
increase in card^._^t|^t^nd ij^ coronary blood flow. 91-93 The threshold 
■iM$?ju : '-‘’’■■ for the increase in cardiac output is about 10% carboxyhemoglobin and dis- 

appears at 20%. ...The increase in coronary blood flow occurs linearly/ be- '••fg SB liHBK 
^ an< * carboxyhemoglobin. ” Myocardial contractility is increased '-%i$§0<§* 

. : T** _ * r- rrf . . . . • ‘ . . . .« . . « . . . . _ "* : ■ ^7t. * 


5 % carboxyhemoglobin 


Dxyhemoglobin to about the same extent as that during inhalation of . : Jlllfe: 
. The increase in contractility appears even up to 15% carboxy- 


vfv : 'V--I/ low oxygen 


hemoglobin saturation. 




. 4 Lri.'?:.** 


........ .. •- .jV't.’;,*, - *:'' 

••v v >?7 : 4 . /:.:. The above results are derived from animal experiments, some with open ■ ' 

TaVU/vv.-^-v'-v ;-.. • .. ■ ■ :: . 

; 'v^r;“ : ....;, chest and the heart depressed by the use of general anesthesia. Yet, there is ’>•/>;/•'■ 
■.44-4 'C ; no sign of cardiac depression. There are no corresponding observations on v - 

jv^H^li the acute effects of carbon monoxide on the ischemic heart to determine whether 

:: : •.-crv: •. /:- :*•/ : : , : 4 

'IPP^^'tiiere is any change in response. •• - 4 *; 


/ ? v.v?jv?:&v.v>2. Nicotine. • ... ... / •: • / '.: ■ . - . ' v t : -"' - - ’ 


Nicotine. 
—-—- 




The effects of nicotine can be readily demonstrated in animals and human 


- subjects. Since nicotine is primarily a cardiac stimulant, it has been suggested • ; 
^:gy/ that the alkaloid would provoke angina and trigger acute myocardial infarction. “ 




‘i a. Myocardial contractility and cardiac output. The intravenous injection 
~ ■ ' •>// of nicotine causes an increase in myocardial contractility and cardiac output. -£ ^4-- 

i;1005105309 




^p|p-4- 
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;-v-WS»f:Sv‘ 

.i? :*■;*(•:.!•■ 



increase in oxygen consumption of the heart and 

--/. ‘i=*V "V,|j< >p . iv'.fi.f -*-’. ■'■'< •'■'•s : -> - v -' ,i *T'-■.■”.?':.-:j, : ■ k . -..v-i* ■■■: •-.- ••• --**;»•«'*%• - 


,V : * ^ A 


- J v 


__._.. . . ..‘a-.,’ ■?*'■.' 

pj^~£There are several weaknesses in the hypothesis that nicotine by its -*•»>&! 


flgffg action on the heart muscle would cause acute myocardial infarction in the 

- ’■ ■-•■'*-“' v -- v _■ _ * . . ■ i _' _ 1 • **' *•••• • • 



• • ••• • 

* * • *• . V ,v *_* ■- *" r . . f ’■^ ^ *« • (*'! i 

to sustain an increase in nicotine level in the blood because this alkaloid is 
•••••,'• readily metabolized after absorportion from cigarette smoke. - ' : '^:'^v i V‘'y^’ 

Frankl et al. showed that smoking of cigarettes does not increase the 
ca ^diac output of patients who are predisposed to infarction. Furthermore, the 
v,,reiease of catecholamines by nicotine does not lead to depletion. In the guinea pier V 






- • * . •*• ,' ‘ ‘ \ - T ' / ■- ■*_«•_ •.' • • J ♦ .. * . 

4^ ; ^V>-H’-heart subjected to chronic nicotine administration, there was an increase in 

^ -• ■••K::: i ;^7>;;;-^._ 7 . ,:'.V -V v . .. • •• ■-■ ■.?/ ■ , :,.„ v . - . ... . 

synthesis of norepinephrine, the transmitter substance. In the rabbit heart ‘ ^ ^ 

7 % ‘ ..• .•;••••• - . .. . . _ *. rft^-ryfe: 

•V3\£j^ r .’ ; nicotine causes the release of prostaglandin E which, in turn, would inhibit 

yC\*.'‘r.-IS^sZ-hi'j- • • •> i»i : ,V.V:: • ''' ; ._ • -- '' . • .' •• - v i>-"V:- 7 . 

Cv v ' ‘ • 100 

';.>i??‘h.v. : '. the release of norepinephrine. These recent results suggest a new 

•'</•:•> mechanism by which nicotine can elicit H autoinhibition” of the primary release . 

: Mg of norepinephrine - , ' ; 1005105310 

- b. Coronary circulation . Although the early observations that nicotine 
Vm causes coronary .vasospasm in the perfused isolated heart have been disproven X-i< 

■ by subsequent experimentation, some authorities continue to characterize 


/■<- , 
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have used several techniques to show that there is no reduction in coronary ^ 
bl°°d ^9^.^ correlation between supply and - ^ 

H 'iVvv '^eniani of oxygen o/the^canine and feline hearts following the administration 

0 1 - 104 jjfrv^r ■ '-V-"■ '•”■ ' V- : ' ‘*• »/>••->.'^;^y 

nicotine. ^.^^i|^ere is, therefore, no experimental proof to suggest 



.;• ;■/-■ >Sf>v*»,.;»•?»/•. v~ ; ‘ 

' ''“■ 7 ‘"-When carbon monoxide and nicotine are a 


'.. .-- '-*#|§ 




- . 1 iA»‘ wT 


When carbon monoxide and nicotine are absorbed in the lungs in the course 

of smoking cigarettes, there is reason to expect an interaction between the _V>J 
■ ■"•■•■ ■' ....... . . '. 

pharmacologic actions of the alkaloid and the gas. There are no specific '■■• u 


observations of interaction in man, except to recall that cigarette smoking in 




- v * -"•ty 


-: • y-.'r; 


: patient with heart disease causes either an increase of cardiac output if low, 

-O-: • * -••••"• t-'.-' 1 AC . - 

ik 4 ^h'^,;r'"V ■ ' 1 • -1 • _ __ 1 . •_ 1 Tin - _ T J _ # T “ 'JO _ ". ‘ •.;-»•• 


described 

^Al 


^^^^or a decrease if output is higl\ prior to smoking. When Gould et al. 

these effects, they could not offer an explanation because nicotine was known to ’”‘r3*‘& 

^v-vilv^P - be a depressant. It appears that a patient with heart disease and abnormal cardiac 

•- • . • — ----- •- - - 


V* 

'Vv;*W 


'—output responds in the direction to normalize cardiac output. . - • 

; aO ne suggestion for the correction of an abnormal cardiac output brought g 

rF'-'--/'S^' - • '' : 

about, by smoking is to consider the possibility that the multiple actions of 

nicotine on the heart are antagonistic. If the heart has an abnormal rhythm 
' ■ • ■ ••••',•:■■' ' • 

'due to abnormalities in conduction, nicotine would facilitate conduction as 


H* 

© 

cn 

w 

m 


C 1 . ; reported by Bekheit and Fletcher, whereas, carbon monoxide would slow 

.••• ■".,-•••* ■_. •’ .... •■ ' . ■ • . t'. .v. ..• - _ ! ‘ r ' , 

. i ^ " ’ ■’ ' ' .»•. •' •. ' ' ' " ' ' " ' " ' ^ ^' ''T^ '* V^'• 
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• t v^ n '^^v.;V; ;V<>„ '^^V'* '&'*- ■*■'■'•’- -. • .*J\‘y-' --..... ’- '-• ■ r-;>.»>.’••- 

Rabbits . " • ^;:j;‘v ■ ; ■;";• '$0 ';; 

’ hw i.- 'r'sM'j T '- r: * i ':~ : ;• ,?v .’ -v ;,> ■... • •• “.: ••• ■•. - *■ — ._ .-.;.■; • .. :»&& 

Although there are ten articles by Astrup, Kjeldsen and their collaborators 

■■. V • ••''•' • ./>•:•;.£;••• : •'*••; * 

'"7^%.?-. v *■’ * . '■ • ’ • * •'. ;•'V* : •-■*•''••'-•'' .“' ‘ "•''' o 5 *-'-’ - •.■'•'• i • fr • • V ; *i ■' v '.: i> , ■„• "i-v .-. .'*• • • ? ••.•'■■*•*’ “ • • • ••• > V:*v’'Vs - iv «»•*>. 

•VAX.. -_:.• .»•<-• * • -• '••.:.•:••••• •••• r . Vi • ,«• - • i&gfc* r^vSlVUv. 

• •■'•»-V : • . <t n • . .• JV -L*!__A _ 1 __.• 


■ ^*•*->'••'•:• 'i\:.'•'' :r.:' : 

’ There are three types of exposures with the following experimental observations: 


. :''•': i ‘ ■ 

-^£0: 


'Procedure 

:«■' >. . ■ ■ ■ ■ - 

• rabbits fed with 

9trfte^|||*.- cho i esU r 0 l 


COHb Saturation 
15 to 20% for 5 weeks 


; ■;. ' • v v - • A-*^r- ? vr •* y; ■ *•..••. •• • •-. . . . T . ..' 

# ' ■ ”' ;r ' ’ ^■*• • ,•••>•••’“'•.'•'> •••V/-'—*- ! -. .* ' 

' ■■ -: T ^•• : ■•. r. •'•'-".r ’ ‘V' v . - * . • .*■ ' 


Skjr,-.. 

' s ' ' • . ;<r ‘' 


rabbits, male and 

..'i?. :•<-■’ v; ~’. castrated 




11% for 3 months 


16-18% for 2 weeks 


'> •.'. •'<•*•!» aa V -. ‘ •-» 


.. .\t-V 

'.' -X -' 


heart displayed focal 
degenerative changes 
and scattered hemorr- O 
hages 114 MM&t 

atherosclerotic lesions O 
and changes in lactate fj 
dehydrogenase patterns ^ 
in aortic arch^^ 

• ‘ ■ v - - -•.' 

focal degenerative changes ’%,? 
in vascular intima and .0 

heart^^ . 

ultrastructural intimal •-**•••*'•':' 

,. ■ • ■-■>- wt.fc. 

changes^0 an d myo- ' ? ',* 


cardial changes 


122 


vM*6. 




vV^.V;' 


; V;: r •; *:*.*• * "/• .v;;.% - A ; : V ; A : ‘' ;* ; ‘ ' '.' . •~ r 
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:^XL^ measurement ^ °* cardiac function, aortic blood pressure and organ blood flow r 

:- ? - : ... . ; .£■..•• -'• r:• 

to determine if the observed histological changes are disease processes or " 

.», •• ... . .. . r ..... . . 

: . -y^iZ'r. v-V'--. - .* - • .-•-••_ - - ^ l";!r M-' . 

'■ ! ^r i : , simply experimental artefacts that are of transient nature. 


r ^*- 1 2 




r.Z- : V. 




\5s:/ : 


>■*^*1*. i;*..- 


investigators have failed to notice any histopathological or functional 

•••/•••-'•• '£"#/. .-.-.v. .. . •■„;■:■. ;?^ VW u S 

.■ /.changes in rabbits exposed to carbon monoxide in levels even exceeding the con- y.i~ 

j-- l - °*- r . “ 'v -v- ■' .... • • . . •’ . • ' ..... ... ' - ‘^' ! ■'i'Js’K' -r-‘ 

S ~ centration used by Astrup, Kjeldsen and coworkers. Truhaut et al. 152, 153 . 

.■.^.--w.-...-: ... . •— 

.pi did not find any alterations in the electrocardiogram or in blood pressure after 

months exposure to 250 ppm of carbon monoxide. Anderssnn did «««■ 


jlpl^p‘hemoglobin levels ranging from lb to 40%. 154 Birnstingl et al. 155 > 156 reported 

' < : >- 1 -"* ■ '■••■:• • •■• ;■ ■'<*• 'y' r ‘ ; 

-M&gK’aortic lesions only if rabbits were fed with cholesterol and when exposed to 

'• ”v-;-V‘‘"r.'-' t- ' v ' # * .. • - . • • /’; 

■ carboxyhemoglobin levels of 18 to 25% for 6 months. 1005105314 

Although injections of nicotine cause elevation of free fatty acid levels in v'y;;Z 

> . ' a'-, v the blood of rabbits, the experiments that relate directly to cigarette smoke vj. 
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^■^ppy 3. Subhuman Primates/ ’ : •;.',-- -/;■ -vV 

■" ' Thomsen, *83 from A±ru^slaboratories’, exposed Macaca irus monkeys con- 
Sinuously (24 hours daily) to 250 ppm of carbon monoxide with mean carboxy- 
^1'^; hemoglobin values of 20.6%. After two weeks of continuous exposure, the • 
monkeys were sacrificed without any measurements of cardiac function. The 
-v examination of the coronary arteries showed flattening of the endothelial and 




i.-■ i 


subendothelial spaces which Thomsen interpreted as the initiating lesion in 
777." the development of atherosclerotic vascular disease. It is this experiment 


W’>-'• *■■ • 


. - V- 


\ > h, 

.^-.T. 


that Astrup and Kjeldsen cite as evidence that carbon monoxide contained in 
cigarette smoke promotes the development of atherosclerosis in man. 

'observation by Thomsen 105 questions the relevance of continuous .. ^ 

77 v« v V" ^7^77^-77';"7.v •;;••••.;,V-vr^.-V- ‘ 5 - -: j ? 7 fo? -• rag?’**.'* 

- carbon monoxide inhalation to cigarette smoking. Monkeys that were exposed ® " ; W* 

•■?.;.•>*, 7 *.*:;. v^.- -■■«'•■ * - • • • ' -v. ;v ■ -i'-CIl" 

intermittently (12 hours on and 12 hours off) did not show vascular intimal 


«f§!7 lesions. Since smoking simulates the intermittent situation, it is not justi- 

».> . v ••• '*'* *' w • ■. 7 ^ 

4 -* 4--»f V» ^ rocnlfc nf r* nn fii rm mi <3 ra rhnn mnnovt^p to t/hf* Tinman c 


8 




,'fied to transpose the results of continuous carbon monoxide to the human situ- '(J)' 

7 • .,• • •, •; . v .. ... ■ ^ 777*1 

.«V.y. -. ' , • .- : •* - "■>». ••••-..■-'i .•••" a - . . •• ‘ * . * ' •■ . '• ••• ' ~ • ** ^.V 1 “* 

• ation. • .>- ■: ■■■.,■.. • ■■■ ■ "■ : 


There are two other groups of investigators who reported a positive role 


■'yS.^'.vV- 


^ ; : Sj of chronic exposure to carbon monoxide in the pathogenesis of atherosclerosis, 

^ • *’ ■ . ..-,r:\ 



Source: https://www.industrydocuments.ucsf.edu/docs/xmmxOOOO 





■p ■■■■■ 

;•« .-•• i ■■■•■■■■‘■ f ;-c.\',v^g^S''/o v ;4fes 


:| a^^ ^3f}cDe Bias et al ♦ jj|y^used cynomolgus monkeys exposed continuously, 23 ^ 

;^WSS®SA 7 !ii' r ' *h nnrft dailv. ‘‘TVir rritiricm ral cp^ aKnwo anr\1fAc f r\ tliAc#* Av-rHa ri m^nt«? a 




fed with cholesterol and 

■ : :- ;/ '• : i : 

exposed continuously,''23 ./*J||»j 


:se experiments, i, e. ,’.'iS&[ 

. . A . :• ■'."<:• .rv* 

tv-':' 1 - . '•- *■ ■;*-;Js' - V r : ■ ■ ■.'• 

situation and the fact t^ar 


0M§&^ied. In any event, low levels of carbon monoxide can be excluded as causing ‘ 


■, 1 " xi_i__^ ~_i-i_ t _• _ _r _ r^i 




atherosclerosis on the basis of the following: Eckardt et al. exposed 


M8®kzr 






.•^p^s^v^fcynomolgus monkeys 24 hours daily for two years to carboxyhemoglobin levels ^ PjR |lsip 

v • -■'■■ : ; A ' • ■ - .-,■.; 

^p ! Wo£ 6 to 8%. These elevated levels did not lead to cardiac fibrosis, vascular ’• 

* lesions and brain pathology after two years of exposure, a period consider- ' '.~3^?X r 


■ ’- •. '' * ^*■ W> ■ --‘i* -" 1 QQ ■'* • 

.'ably longer than the 6 months used by De Bias et al. , 108 7 months by Webster 


and Clarkson and two weeks by Thomsen. i °- > If all these results are inter- 

^•"■■'•‘■•••v :• V'V:^'.'>•>**•J.'-i';-'"-'v v> '.."' ..' .. ..• _ 

• , '- : -v-/ ; ‘-i.’ : : : 
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smoke can be answered as follows: In subhuman primates, the vascular effects ’ 


of continuous exposure to carbon monoxide disappear after several months, 
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and are absent during intermittent exposures. Although nicotine alone can 
':" cause experimental deposition of triglycerides in isolated arteries, *91, 192 
experiments in vivo do not show experimental altherosclerosis by injection of 
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carbon monoxide increases the rate of transcapillary escape of albumin V4 
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• i^decrease s the oxygen affinity of hemoglobin* 9 ^The relevance of these 

^^^^^? observat m ns to atherosclerosis is based on several assumptions which have 
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IglU^lipolysis. 196 ’ 199, 2 ?° Secondly, in the perfused human coronary artery, ''' ^’!v—|^tv 
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SiR% cholestero l uptake, whereas, nicotine increased synthesis but not the uptake. 197 ' 198 
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then a combination of nicotine and carbon monoxide in the proper proportion 
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would be expected to have no effect on cholesterol deposition in the vessel wall. • 
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E. Design of Future Experiments 


This section has reviewed the investigations in man and animals that have 
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been used to support the hypothesis that carboxyhemoglobin levels in cigarette v \. : 
smokers are high enough to cause coronary heart disease. The limitations of •.:•£/£’’ 
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